Bourbon virus (Family Orthomyxoviridae: Genus Thogotovirus) was first isolated from a human case-patient residing in Bourbon County, Kansas, who subsequently died. Before becoming ill in late spring of 2014, the patient reported several tick bites. In response, we initiated tick surveillance in Bourbon County and adjacent southern Linn County during spring and summer of 2015. We collected 20,639 host-seeking ticks representing four species from 12 sites. Amblyomma americanum (L.) (Acari: Ixodidae) and Dermacentor variabilis (Say) (Acari: Ixodidae) accounted for nearly all ticks collected (99.99%). Three tick pools, all composed of adult A. americanum ticks collected in Bourbon County, were virus positive. Two pools were Heartland virus (Family Bunyaviridae: Genus Phlebovirus) positive, and one was Bourbon virus positive. The Bourbon virus positive tick pool was composed of five adult females collected on a private recreational property on June 5. Detection of Bourbon virus in the abundant and aggressive human-biting tick A. americanum in Bourbon County supports the contention that A. americanum is a vector of Bourbon virus to humans. The current data combined with virus detections in Missouri suggest that Bourbon virus is transmitted to humans by A. americanum ticks, including both the nymphal and adult stages, that ticks of this species become infected as either larvae, nymphs or both, perhaps by feeding on viremic vertebrate hosts, by cofeeding with infected ticks, or both, and that Bourbon virus is transstadially transmitted. Multiple detections of Heartland virus and Bourbon virus in A. americanum ticks suggest that these viruses share important components of their transmission cycles.
Bourbon virus (BRBV) (Family Orthomyxoviridae: Genus Thogotovirus) was first isolated from blood samples from a human case-patient residing in Bourbon County, Kansas, who subsequently died . The patient was a previously healthy male of greater than 50 yr of age. Several days before becoming ill in late spring of 2014, the patient reported multiple tick bites and the presence of an engorged tick on his shoulder. Virological testing of samples collected from the patient were negative for Heartland virus (HRTV) , a recently described tick-borne virus in the Family Bunyaviridae: Genus Phlebovirus (Savage et al. 2013 (Savage et al. , 2016 . However, further investigation detected the presence of a new virus in the genus Thogotovirus (Family Orthomyxoviridae) . This new virus was named BRBV after the county of residence of the patient, and BRBV represents the first human pathogen of the genus Thogotovirus to be identified in the New World . Nearly all thogotoviruses are believed to be transmitted by a variety of hard and soft tick species (Savage et al. 2017) .
In response to the fatal case of BRBV, the Centers for Disease Control and Prevention (CDC) and state collaborators initiated tick surveillance in Bourbon County and adjacent southern Linn County, Kansas, during the spring and summer of 2015. Our goals were to define the species composition of host-seeking ticks in the vicinity of the residence of the fatal human case, to incriminate possible vector species by documenting infection in field-collected ticks, and to determine which life stages may be important in virus transmission to humans.
Materials and Methods

Study Area
Most of Bourbon County and all of Linn County are located in the Osage Cuestas physiographic region (Aber and Aber 2009) . Cuestas refers to slightly titled rock layers that form hills with gentle slope on one side and a truncated, steep slope or escarpement on the other side. Surficial sediment is composed of loess, gravel, and valley alluvium. Natural vegetation is oak-hickory forest and tall grass prairie, but much of the landscape has been modified by human use including agriculture (Aber and Aber 2009 ). Bourbon and Linn counties are characterized by small towns and agricultural properties devoted to grain and livestock production. In the 2010 census, the population of Bourbon County was 15,173 people and the population of Linn County was 9,656. The climate is characterized by warm to hot, humid summers, and cold winters. Normal annual precipitation is 101-114 cm (Goodin et al. 1995) . Average annual mean temperature is 12.2-13.3ºC in Linn County and 13.3-15.0°C in Bourbon County with mean summer temperatures in Bourbon County and southern Linn County of 25.0-26.1°C.
We were unable to obtain permission to collect ticks on the property owned by the family of the fatal human case in Bourbon County. Therefore, we collected at nine other diverse sites located in Bourbon County and three sites in southern Linn County (Table 1 , Fig. 1 ). Three sites were located on public land and nine sites on private property. The sites located on public land included two sites in the Hollister Wildlife area (sites 4 and 5; Fig. 1 ) and one site at the Mound City Lake public access and boat ramp area (site 9). Of the nine private properties, two were rural residences (sites 2 and 6), two were agricultural properties (sites 3 and 11), two were outdoor recreational properties (site 7 and 12), two were mixed agricultural and recreational properties, e.g., land used for agriculture and hunting (sites 8 and 10), and one was a commercial recreational area (site 1).
Tick Collection and Identification
Tick collections were made during three, 1-wk long field trips in 2015, with tick collections occurring on April 27-30, June 2-5, and July 13-16. Host-seeking ticks were collected by flagging and, on two occasions, by use of carbon dioxide-baited tick traps as described previously (Savage et al. 2013 (Savage et al. , 2016 . Ticks were frozen on dry ice and shipped to the CDC, Fort Collins, CO, for processing and testing. Ticks were identified to species and life stage with dissecting microscopes on refrigerated chill tables using taxonomic keys (Cooley and Kohls 1944 , Briton et al. 1965 , Keirans and Clifford 1978 , Sonenshine 1979 , Keirans and Litwak 1989 , Durden and Keirans 1996 , Keirans and Durden 1998 .
Tick Grinding
Ticks were grouped into pools by site, collection date, collection method, species, sex, and stage. Maximum pool size was five for deplete adult ticks, 25 for deplete nymphs, and 100 for deplete larvae. Tick pools were homogenized in chilled 2-or 7-ml glass TenBroeck grinders (Thermo Fisher Scientific, Waltham, MA) with alundum bedding material (Thermo Fisher Scientific) as an abrasive for 5-10 s. One milliliter of chilled bovine albumin-1 (BA-1) solution, formulated as follows, 1× medium 199 with Hank's salts (M199-H; Sigma-Aldrich, St. Louis, MO), 0.05 M Tris-HCl buffer (pH 7.5; Invitrogen, Carlsbad, CA), 1% bovine serum albumin (Probumin; Millipore, Billerica, MA), 2 mM l-glutamine (Invitrogen), 4.2 mM sodium bicarbonate (Invitrogen), penicillin (100 U/ml; Invitrogen), streptomycin (100 µg/ml; Invitrogen), amphotericin B (1 µg/ml; Fungizone; Sigma-Aldrich), was added and the ticks ground to completion. The tick homogenates were poured into 2-ml microtubes (Axygen, Union City, CA) and centrifuged at 4 o C and 5,013 relative centrifugal force for 4 min. A 125-µl aliquot of the clarified supernatant was transferred to an identically labeled 1.6-ml microcentrifuge tube for RNA extraction. Remaining homogenates were held at −80 o C for future confirmatory testing.
RNA Extraction and Virus Detection
Viral RNA was extracted from a 100-µl sample removed from the 125-µl aliquot of supernatant taken from each tick pool using the Qiagen QIAmp Virus BioRobot 9604 kit (Qiagen, Inc., Valencia CA) on a Qiagen BioRobot Universal platform according to the manufacturer's protocol. Sequence and reporter information for HRTV primer-probe sets 1 and 4 used for virus detection and confirmation are as described in the study by Savage et al. (2013) . Sequence and reporter information for BRBV primer-probe sets nucleoprotein 1 (NP1) and polymerase basic 1 (PB1) used for virus detection and confirmation are as described by Lambert et al. (2015) . All extracted samples were screened in separate singleplex real-time reverse transcription PCR (rRT-PCR) reactions. The HRTV screening reaction used HRTV primer-probe set 1, and the BRBV screening reaction used BRBV primer-probe set NP1. Screening with rRT-PCR was performed by adding 5 µl of each extracted RNA to 50 pmol of each primer and 10 pmol of probe in a 50-µl total reaction using Qiagen's Quantitect Probe RT-PCR kit (Qiagen) according to the manufacturer's instructions. Reactions were conducted on Bio-Rad's CFX96 Touch Real-Time PCR Detection System (Bio-Rad, Hercules, CA) using the following cycling conditions: one cycle of 50°C for 30 min, one cycle of 95°C for 10 min, and 45 cycles of 95°C for 15 s and 60°C for 1 min.
Pools positive in the screening assay for either virus were confirmed by re-extracting RNA from the original tick homogenate and performing the rRT-PCR assay with two primer-probe sets for that virus. For HRTV, primer-probe sets 1 and 4, and for BRBV, primerprobe sets NP1 and PB1 using reaction conditions that are described above in separate singleplex reactions. Pools were considered HRTV or BRBV positive if crossing threshold (CT) scores for both primer/ probe sets for each virus were ≤37.
Maximum Likelihood Estimate of Infection Rates
Maximum likelihood estimate (MLE) of the virus infection rate (IR) per 1,000 ticks, 95% confidence intervals (CIs) for the IR, and significance tests of comparisons were calculated using the Excel Add-In of Biggerstaff (2009) with positive pools defined as previously.
Plaque Assays to Detect Viable Virus
Tick homogenates from rRT-PCR positive samples were tested for the presence of viable virus utilizing a two-step cell-culture assay using human hepatoma cell line 7 (HuH-7) cells described in Savage et al. (2016) . After removing the growth media (described in Savage et al. 2016 ) from the flask, 2 ml of warm BA-1 and 200 µl of supernatant from each rRT-PCR positive-tick homogenate were inoculated onto HuH-7 cells in separate T-25 flasks. Samples were incubated for 1 h at 37°C. After incubation, inoculum was removed and 10 ml of maintenance media (described in Savage et al. 2016) was added to each flask. Flasks were monitored daily for cytopathic effect (CPE) and harvested on day 5 for the BRBV rRT-PCR positive sample and on day 6 for the HRTV rRT-PCR positive samples.
In the second step, the first viral harvest, V1, from above was inoculated onto HuH-7 cells in six-well plates similar to the standard plaque assay protocols (Miller et al. 1989) . For each T-25 harvest sample, a clarified 10 0 supernatant and 10 −1 and 10 −2 10-fold serial dilutions were prepared. Wells were inoculated in duplicate at each serial dilution with 100 µl of clarified supernatant. The second overlay with neutral red was applied on day 4 post-infection. Wells were inspected and plaques counted on days 5 to 8 post-infection. Table 1 .
Results
A total of 20,639 ticks representing four species were collected at 12 sites (Fig. 1, Tables 1 and 2) . Amblyomma americanum (L.) (Acari: Ixodidae) and Dermacentor variabilis (Say) (Acari: Ixodidae) accounted for nearly all the ticks collected (n = 20,627, 99.99%), and the only other species identified were Ixodes scapularis Say (Acari: Ixodidae) and Haemaphysalis leporispalustris Packard (Acari: Ixodidae) ( Table 2 ).
All ticks were tested for both viruses in 1,564 pools. Three virus positive tick pools, all composed of A. americanum adults collected in Bourbon County, were detected and confirmed by rRT-PCR (Table 3) . Moreover, all three pools yielded viable virus in HuH-7 cells. Two pools were each HRTV positive, and one was BRBV positive. The HRTV positive pools were each composed of five male adult specimens, one pool (KS-2015-543) was collected at site 1 on April 27, while the second HRTV positive pool (KS-2015-1706) was collected at site 12 on June 5. CT values for the two HRTV positive pools were 28.3-28.8 for primer set HRTV1 and 32.3-33.0 for primer set HRTV4, which corresponds to titers of 10 4.0-4.2 PFU/ml. The single BRBV positive pool (KS-2015-1735) was composed of five adult females collected at site 12 on June 5. The CT values for the BRBV positive pool were 31.1 for primer set NP1 and 31.0 for primer set PB1, which corresponds to a titer of 10 3.5 PFU/ml. Testing of 16,595 A. americanum nymphs produced negative results.
The HRTV IR for adult male A. americanum at site 1 on April 27 was 3.29 per thousand (95% CI = 0.19-15.85). The HRTV IR for all adult (male and female) A. americanum ticks from site 1 on April 27 was 1.83 (CI = 0.11-8.84). The HRTV IR for all adult A. americanum ticks at site 1 over the entire 2015 collections was 0.70 (CI = 0.04-3.39).
The HRTV IR for adult male A. americanum at site 12 on June 5 was 8.62 (CI = 0.50-41.32). The HRTV IR at sites 1 and 12 were not significantly different as 95% CI for difference in proportions (Biggerstaff 2009 ) in IR includes zero in all comparisons: for males of A. americanum at site 1 on April 27 and at site 12 on June 5, (CI = −38.39 to 11.50); and for all A. americanum (males and females) from site 1 versus site 12 over the entire collection period, (CI = −12.05 to 2.32).
The BRBV IR for adult female A. americanum at site 12 on June 5 was 7.69 .
Because one pool with the same number of ticks was positive for each virus at site 12, IR for the two viruses when adult male and female A. americanum are combined are equal. The IR for HRTV and BRBV for all adult A. americanum ticks at site 12 on June 5 were 4.07 (CI = 0.23-19.57). The IR for HRTV and BRBV for all adult A. americanum ticks at site 12 over the entire 2015 collections (June and July) were 2.63 (CI = 0.15-12.69).
The BRBV IR in all adult A. americanum from all sites over the 2015 collection period was 0.25 (CI = 0.01-1.23), while the HRTV IR in all adult A. americanum from all sites was 0.51 (CI = 0.09-1.66). The IRs for BRBV and HRTV in all adult A. americanum from all sites over the 2015 collection period were not significantly different.
Discussion
In response to a fatal human case of BRBV in Bourbon County Kansas, we conducted tick surveillance at nine sites in Bourbon County, and three sites in southern Linn County. Although, we were unable to collect on the property of the family of the fatal case, we sampled 12 ecologically similar properties.
We collected 20,639 ticks during three collection periods. However, one aggressive species, A. americanum accounted for 99.4% of collected ticks and all three virus positive pools. We detected two HRTV positive pools and one positive pool of BRBV. These pools are the first detections of HRTV and BRBV in fieldcollected ticks from Kansas.
We detected two HRTV positive pools, one each from sites 1 and 12, and one BRBV positive pool from site 12. The IRs for BRBV and HRTV for all adult A. americanum from all sites over the 2015 collections were not significantly different. Both properties 1 and 12 were maintained and used for outdoor recreation, primarily fishing and hunting, and potential vertebrate hosts including white-tailed deer (Odocoileus virginianus Zimmermann), a common host of A. americanum (Kollars et al. 2000) , were present on both properties.
Detection of BRBV in the abundant and aggressive tick A. americanum at a site within Bourbon County supports the contention that A. americanum is a vector of BRBV to humans. We detected HRTV and BRBV in adult ticks from Kansas. However, both HRTV (Savage et al. 2013 (Savage et al. , 2016 and BRBV (Savage et al. 2017 ) have previously been detected in the neighboring state of Missouri in both the adult and nymphal stages of A. americanum. The combined data from this study and a retrospective analysis of Missouri ticks (Savage et al. 2017) suggest that BRBV is transmitted to humans by A. americanum ticks, including both the nymphal and adult stages, that ticks of this species become infected as either larvae, nymphs or both, perhaps by feeding on viremic vertebrate hosts, by cofeeding with infected ticks or both, and that BRBV is transstadially transmitted. The multiple detections of HRTV and BRBV virus in A. americanum ticks, including one example of a tick pool infected with both viruses (Savage et al. 2017) , suggest that these viruses share important components of their transmission cycles. Unfortunately, neither HRTV nor BRBV has been detected in vertebrates other than humans and the transmission cycles of these two viruses remain largely unknown.
